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ABSTRACT

The dynamic range of the optical feeder in
the fiber-optic microcellular system is one of
the key parameters in determining the feasibil-
ity and cost-effectiveness of the system. Recent
simulation results [1] have considered the car-
rier power variation due to different propaga-
tion losses only. However, in the more practical
wireless environment, due to cochannel inter-
ference and multipath fading, a dynamic range
penalty is imposed. We present the simula-
tion results which show that the required dy-
namic range of the fiber-optic link is tightened
by about 4 dB in a microcell with 100m radius
in the presence of cochannel interference and
multipath fading. The dynamic range require-
ment can be relaxed by means of automatic gain
control at the base station and simulation re-
sults show that about 10 dB improvement in
dynamic range can be achieved. Such results
are quite important in designing a cost-effective
and practical fiber-optic microcellular system
for future personal communications networks.

I. INTRODUCTION

Nowadays, the demand for personal commu-
nication grows tremendously and thus wireless
cellular systems are becoming more and more
popular throughout the world. The number of
mobile users has been increasing drastically, es-
pecially in urban areas. In order to provide the

service to more users, cell splitting is one of
the feasible ways to increase the frequency reuse
and thus provides more channels to the users.
Therefore, wireless microcellular systems have
attracted much attention and interest. The cell
size of such system is about a few hundred me-
tres and thus it requires less radio transmitter
power but still serves a high density of users.
In each microcell, there is one base station hav-
ing an omni-directional antenna to receive and
transmit the uplink and downlink traffic to and
from the mobile users. Sometimes, directional
antennas may be used to perform sectorization
within the cell so as to achieve more frequency
reuse. These base-stations will be connected to
the central switch for call processing.

The recent great improvement in the linear-
ity of the optical components has aroused the
interest of using analog fiber-optic link as the
feeders in microcellular systems [2;3;4] since op-
tical feeder offers many advantages. It can pro-
vide a low loss transmission medium and thus
the required power is reduced. Moreover, it can
also reduce the system complexity since the RF
carriers need not to be downconverted to base-
band before transmitting to the central switch
station. This can reduce the size of the antenna
module and make the selection of the installa-
tion location more flexible. Furthermore, it of-
fers high capacity and thus can serve areas with
high user density. In order to design the system
in the most feasible and cost-effective way, we
have to consider the feeder requirement accord-
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ing to the operating environment. The dynamic
range of the optical feeder is an important con-
sideration for such system’s practicality. If the
dynamic range is not good enough to serve the
traffic in the microcell, the voice quality of the
calls would be much degraded by noise, distor-
tion and fading. Calls with unacceptable voice
quality will be blocked by the base station in or-
der to ensure the quality of service. In [1], it is
shown that an 85 dB - Hz3 dynamic-range link
is needed for a 300-m microcell with 50 chan-
nels. The results reveal the feasibility and prac-
ticality of such system. However, in their sim-
ulation, cochannel interference and multipath
fading which are the two most important en-
vironmental factors, have not been considered.
These two factors definitely degrade the system
and thus impose a dynamic range penalty to the
fiber-optic link.

In this paper, a more accurate and practical
estimation of the dynamic range requirement
of the analog fiber-optic is studied. The dy-
namic range penalty imposed by the cochan-
nel interference and multipath fading will be
discussed in section II. Simulation results will
be presented in section III. Finally a feasi-
ble method in relaxing the tightened dynamic
range requirement will be discussed in section

Iv.

II. DEsIGN CONSIDERATIONS OF THE
OprTicAL FEEDERS

In a fiber-optic microcellular system as shown
in Figure 1, each microcell has a base station.
These base stations are connected to the central
switch by fiber feeders. There are two kinds of
traffic, the uplink (from mobile to base station)
and downlink (from base station to mobile).
For the downlink, the variation of the trans-
mitted power of each channel is small. For the
uplink, the received power from different chan-
nels fluctuates greatly due the different prop-
agation loss and multipath fading. Thus the
noise and linearity requirement of the uplink is
more stringent than the downlink. Since the

channel bandwidth is usually small (in the or-
der of kHz), the channels are usually operated
within one octave and thus the dominant dis-
tortion components falling on the channels are
the two-tone third order terms (2 f;— f;) and the
triple-beat terms (f; + f; — fi) for distinct 7, j
and k. These distortion components definitely
degrade the quality of the voice channels.

In the feeder design, one of the important
factor is the dynamic range. It is the mea-
sure of the range of the carrier power levels in
order to have acceptable distortion and noise
performance. So, it is always limited by the
linearity and noise of the optical transmitters
and receivers. The dynamic range of an ana-
log fiber-optic link is usually specified the range
of input carrier powers over which the output
is spur free for a two-tone input as shown in
Figure 2. The relation between the dynamic
range and the linearity can be derived from the
plot of fundamental and two-tone third-order
intermodulation products as shown in Figure
2. From the plot, we can obtain [2]:

DR = §(1P3—N) (1)
IPs = %(31% — Pius) 2)

where DR is the dynamic range in dB - Hz3 , N
is the noise floorin d B/ H z, P. is the power level
(in dBm) of the output carrier power, Prars is
the power level (in dBm) of the output two-tone
third order distortion term. The Pras is also
related to the third-order nonlinear coefficient
(k3) of the system by considering the power se-
ries of the total output carrier power [5].

Therefore we can determine the required
system’s nonlinear coefficient (k3) in order to
achieve a certain dynamic range. Practically,
since there is great variation in the channel
carrier power levels, the distortion distribution
among the channels also have great variation.
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Thus, the dynamic range requirement derived
from the above approach may not be accurate
[1] and a dynamic range penalty will be im-
posed due to multipath fading and cochannel
interference. Using the value of k3 derived from
Expression (3), the power of a two-tone third-
order distortion component ( Prar3) falling onto
channel f. due to beating of channels f; and f;

with (f, = 2f; — f;) is:
P[Mg(’r,']‘) = 3.52+4 20logyq ks + QPC(fi)

+P(f;)
for distinct 2,7, and r  (4)

On the other hand, the power of a triple-beat
component (Prg) falling onto channel f, due
to beating of channels f;, f; and f; with (f, =

fit fi = fi)is:

9.54 + 20logyq k3 + P.(f;)

for distinct v, 5,k and r (5)

Prp(rijr) =

where P.(¢), P.(j) and P.(k) are the power lev-
els (in dBm) of the three carriers which con-
tribute to the third-order distortion term. So,
the aggregate third-order distortion falling on
the 7 th channel can be obtained. Based on
these relations, a series of simulation is done to
determine a more practical dynamic range re-
quirement for the fiber-optic microcellular sys-
tem.

ITI. SIMULATION MODEL AND RESULTS

In the simulation model, the frequency reuse
factor (K) is 7 as shown in Figure 1. The re-
ceived power level variation of each carrier at
the base station due to propagation loss is as-
sumed to be proportional to D™* where D is
the distance of the mobile from the base station.
We have studied the power variation due to the
two outdoor environmental factors, the cochan-
nel interference and multipath fading. For the
cochannel interference, the effects from users in
the first-tier and second-tier cochannel cells are

considered. The effects from the other cochan-
nel cells farther than the second-tier ones are
not considered due to the high propagation loss.
Now let us consider the multipath fading. In
the microcell enviroment, especially in densely-
populated urban area, there are many obsta-
cles such as buildings which create much reflec-
tions of the radio waves. So, it is reasonable
to assume the fading characteristics to be log-
normal. In the simulation, we assume the chan-
nel bandwidth to be 30kHz. Users are assumed
to be located randomly (uniformly-distributed)
within the microcell. The received carrier pow-
ers are found to have great variation (about 40-
60dB). They are then amplified before they are
fed into an analog fiber-optic feeder to the cen-
tral switch. At the optical transmitter side, the
noise level is assumed to be -110dB/Hz. Then
the intermodulation distortion (IMD) terms cre-
ated at each channel due to the nonlinearity of
the feeder are calculated. Since there is great
variation in the power level of the channel carri-
ers, the nonlinear distortion components falling
onto each channel also vary greatly. Any chan-
nel having the carrier to interference/distortion
(C/I) ratio less than 12dB is considered to have
unacceptable quality and thus is blocked. This
figure is within the C/I range used by some
commercial cellular systems such as IS-54. The
process is repeated for 5000 runs to obtain the
call blocking probability for different feeder dy-
namic ranges. By setting the acceptable call
blocking probability to be less than 0.5%, the
minimum dynamic range required by the feeder
can be determined.

The simulation results are shown in Figures
3,4 and 5 and are tabulated in Table 1.

It is shown that in a microcell with 100m ra-
dius, the minimum required dynamic range is
about the same (only about 0.2 dB penalty) in
the presence of cochannel interference, while an
extra 4 dB increase in dynamic range is required
to achieve less than 0.5% call blocking probabil-
ity in the log-normal fading environment. This
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shows the dynamic range penalty is mainly due
to the multipath fading.

IV. DynaMic RANGE IMPROVEMENT BY
AuToMATIC GAIN CONTROL

From the simulation results, it seems that
there is negligible (only about 0.2 dB) dynamic
range penalty caused by the cochannel interfer-
ence. It may be due to the fact that the distance
between the base station in a microcell and that
in the corresponding first-tier and second-tier
cochannel microcell of a system with K=7 is too
large and thus the propagation loss has much
weakened their effects. On the other hand, it is
shown the multipath fading severely increases
the variation of the carrier powers and thus
worsens the distortion performance. The dy-
namic range penalty is about 4 dB. Therefore,
the optical feeder should be able to tolerate
such degradation.

An simple way to relax the dynamic range
requirement is to employ automatic gain
control (AGC) in the uplink at the RF amplifier
at the base station’s receiving front end. This
can automatically adjust the amplifier’s gain to
ensure a constant average power to be inputted
to the optical feeder and the distortion level will
be improved. From the simulation results as
shown in Figures 3, 4 and 5, after using AGC,
the dynamic range requirement is much relaxed
by about 10 dB and thus
efficiency of this approach.

this

However, due to the fading environment, the
received signal power at the base station fluctu-
ates severely with the characteristics of having
fading nulls at about every half wavelength in
space [6]. Within two adjacent nulls, the signal
power is quite constant (see Figure 6). So, the
AGC should be fast enough to adjust the gain
within this period. Consider when the mobile
is moving at  m/s, a rough estimation of the
response time (t) of the AGC should be:

b= = (6)

proves the '

where f is the carrier frequency and ¢ is the
speed of light. For example, when the user
is moving at 50 km/h with carrier frequency
at 900 MHz, the required response time of the
AGC is about 12ms which is within the prac-
tical range of the common electronic circuits.
So, such approach to improve dynamic range is
feasible, efficient and practical.

Apart from using AGC, there are other meth-
ods to reduce the nonlinear distortion such as
FM double modulation [7], frequency assign-
ment scheme [8], and diversity schemes [6] to
combat fading, etc. These methods are also
feasible to alleviate the dynamic range penalty
of the feeder. The criteria of the right choice
are their efficiency and cost-effectiveness.

V. CONCLUSION

In conclusion, we have shown the dynamic
range penalty due to cochannel interference and
multipath fading for fiber-optic microcellular
systems. From the simulation results, it is
shown that the required dynamic range of the
fiber-optic link is tightened by about 4 dB in
the presence of cochannel interference and mul-
tipath fading in a microcell with 100m radius.
The dynamic range requirement can be much
relaxed by means of automatic gain control at
the base station. Simulation results show that
about 10 dB improvement in dynamic range can
be achieved by using AGC. The relaxed link dy-
namic range requirement implies the required
dynamic ranges of the devices such as trans-
mitters and receivers can be reduced and so
does the cost. These results are quite impor-
tant in designing a cost-effective and practical
fiber-optic microcellular system for future per-
sonal communications networks .
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Number of | Cell Radius Minimum Dynamic Range Dynamic Range Penalty
Channels (m) (dB - Hzg) (dB)
without With With
CIl & MF | Clonly | CI & MF
5 100 70.6 70.9 74.5 3.9
10 100 7 77.1 81.2 4.2
20 100 81 81.2 85 4

Table 1: CI - Co-channel interference, MF - Multipath Fading

(1]

2]
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